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As  pant  of  an  attempt  to  determine  the  optimum  tempering  cycle  for  gun  tubes, 
mechanical  properties  of  an  AISI  4337  modified  steel, i.e,  gun  steel,  wejs- deter- 
mined £of  various  tempering  cycles.  Austenitization  temperatures  of  845  C 11553®!) 
and  955'^  (1750<lF)  were  used,  with  tempering  temperatures  ranging  from  425^C 
(797°F)  to  595^C  (11036F)  and  tempering  times  ranging  from  15  minutes  to  240 
minutes.  This  format,  which  allows  the  selection  of  tempering  parameters  from 
one  plot  to  achieve  desired  properties,  was  developed.  The  mechanical  property_^ 
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results  for  the  material  austenitized  at  84ri®t  arc  presented  in  the  for-i  ■ *- 
three  dimensional  plots  and  contour  maps  which  interrelate  the  mechanical 
property  of  interest  and  temperirig  temperature  and  time.  Examples  showing  tlie 
use  of  the  plots  are  presented. 
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INTRODUCTION 

Heat  treating  of  alloy  steels  has  long  been  practiced 
using  qualitative  as  well  as  some  quantitative  rules.  An 
increasingly  important  aspect  of  heat  treating  is  economical 
attainment  of  desired  results.  Rework,  while  never  popular, 
carries  increasingly  heavy  penalties  in  terms  of  wasted 
energy  and  labor.  In  scheduling  of  work,  it  would,  there- 
fore, be  desirable  to  more  precisely  define  expected  results 
as  a consequence  of  altering  a procedure. 

While  some  data  for  AISI  4337  modified  exists  in  hand- 
book form^ , and  various  reports  in  both  the  open  and  pro- 
prietary literature,  very  little  data  is  found  to  cover  a 
wide  range  of  commercially  desirable  tempering  conditions. 
Use  of  existing  data  was  also  limited  since  values  for  the 
range  of  interest  arc  spread  over  a number  of  tables  and 
figures  in  various  reports.  The  usual  procedure  in  pre- 
senting the  effects  of  tempering  is  to  plot  or  tabularize 
mechanical  properties  as  a function  of  either  temperature 
or  time.  It  is  necessary  then,  to  try  to  determine  the 
optimum  tempering  conditions,  by  interpreting  and  mentally 
interrelating  the  separate  data. 


1 . Aerospace  Structural  Metals  Handbook  , f d , by  .7 . Wolf, 

Mech.  Prop.  Data  Center,  B'Jfnur  Stolen,  Inc.,  Traverse 
City,  Mich.  197.3. 


1 


To  promote  a more  useable  system,  an  interactive  graphics 

9 

system”  was  chosen  ns  the  vehicle  for  data  presentation. 

By  mapping  levels  of  mechanical  properties,  and  comparing 
expected  results  to  those  recjuired  by  specification  or  a 
production  order,  time  at  temperature  and  processing  temper- 
ature can  be  arrived  at  easily. 

The  key  to  this  approach  is  to  first  di.splay  the  three 
dimensional  plot  of  the  data  set  being  .ons  i i!e  red . This 
orients  the  user  to  rapidly  locate  "geographic"  features 
such  as  peaks,  valleys,  and  plateaus  which  represent  maxima 
and  minima  in  the  data.  A good  visualization  of  the  topo- 
graphy of  the  surface  will  be  an  aid  in  interpreting  the 
workingdiagram-  thecontourmap. 

Contour  maps  of  mechanical  properties  can  be  read  in 
the  same  way  as  geographic  contour  maps.  Kach  contour 
line  defines  a particular  value  for  the  parameter  being 
considered.  For  example,  a contour  line  may  indicate  a 
specific  yield  strength  or  impact  energy  level.  livery  time- 
temperature  tempering  cycle  indicated  l)y  the  line  will 
develop  the  specified  mechanical  property.  bines  spaced 
closely  together  indicate  a rapid  change  (i.c.,  a steep 
slope),  while  a large  spacing  indicates  little  difference 


2.  Lorensen,  W.  "An  Interactive  Graphics  1- i n i t c blement 
System",  Structural  Mecha  nics  Computer  I’rogr  ajn^ , b d . 
by  W . P i 1 k e y , University  1’  r c s s , Virginia,  ji p P ‘.1 1 - I 0 0 1 , 
19  7 4. 


iu  values,  or  a plateau.  Saddle  points  (whose  topographic 
analogy  would  be  ridge  lines  or  valleys]  are  typified  by 
"U"  or  "V"  shaped  bulges  in  contour  lines. 

This  report  deals  with  the  graphical  techniques  developed. 

The  specific  use  of  the  data  for  application  to  gun  tube 
heat  treatment  will  be  separately  reported. 

EXPERIMENTAL  PROCEDURE 

Material  used  in  generating  the  data  set  was  taken  from 
an  18"  diameter  hollow  rotary  forging  which  was  air  cooled  after 
the  forging  operation.  The  composition  of  the  material  which  was 
produced  by  the  vacuum  degassing  technique,  given  below: 

C Mn  Si  Ni  Cr  Mo  V P _S 

.33  .62  .15  2.69  1.08  .53  .10  .009  .007 

Discs,  approximately  25mm  thick  and  perpendicular  to  the 
longitudinal  axis  of  the  forging,  were  cut  into  blanks 
which  were  then  heat  treated.  All  blanks  to  be  tempered 
at  a particular  temperature  were  austenitized  together. 

Specimens  were  soaked  at  the  austenitizing  temperature  for 
one  hour.  Times  at  temperature  were  measured  after  the 
furnace  recovered  its  set  point.  Blanks  were  water  quenched 
after  austenitization  and  after  tempering. 

Two  8.75mm  (0.350  in.)  diameter  tensile  specimens  and 
two  Charpy  impact  specimens  machined  per  ASTM  standards 
were  cut  from  each  blank  after  heat  treatment.  Hardness 
(Rc)  measurements  reported  were  the  average  of  five  readings 
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taken  on  the  unbroken  ends  of  the  Charpy  bars  after  testing. 
Reported  test  results  were  converted  to  SI  values  using  con- 
version factors  given  by  ASTM  E.SSO-74. 

? bSULTS  A ND_ _nj  S CUSS  TON 

Test  data  collected  for  specimens  austenitized  at  845°C 
are  presented  in  Table  1.  Plots  of  the  data  set  for  845°C 
austenitization  are  shown  ..ri  Figs.  la-6a,  with  the  corres- 
ponding contour  plots  shown  in  Figs.  lb-6b.  Limits  of  tlie 
axes  are  given  in  the  legend  at  the  left  of  the  corres- 
ponding Plot.  Contour  levels  are  plotted  in  ascending  order. 

The  perspective  plots  fFigs.  la-6a)  are  three  dimensional 
analyses  showing  the  effect  of  tempering  temperature  and 
times  on  a specific  mechanical  property.  The  legend  to  the 
right  provides  directions  to  the  computer  for  plotting  the 
data.  The  legend  to  the  left  deals  with  the  limits  of  the 
parameters  plotted  and  shows  the  orientation  of  the  plot 
from  the  viewer's  vantage  point.  The  vantage  point  was 
selected  to  allow  easy  visualization  of  the  plot.  In  these 
figures,  X represents  the  temperature,  Y represents  the  time 
and  Z represents  the  mechanical  property.  The  lines  in  the 
Y-direction  represent  constant  temperatures,  while  those  in 
the  X-direction  represent  constant  times. 

The  contour  plots  (Figs.  lb-6b)  are  two  dimensional 


plots  of  time  vs.  temperature  for  constant  values  of  the 
mechanical  property.  They  are  derived  from  the  perspective 
plots.  Again,  the  legend  to  the  right  shows  instructions  to 
the  computer.  The  legend  to  the  left  shows  the  value  of 
the  various  levels  plotted.  These  graphs  can  be  used  to 
determine  t i me - 1 empe rat ur e relations  to  achieve  a certain 
property.  For  example,  from  Figure  5b,  each  combination 
of  time  and  temperature  determined  from  the  line  for  level 

3 will  develop  25.0  Joules  (18.4  ft-lbsl  in  imnact  energv.  The  Plots 
can  also  be  used  to  determine  the  mechanical  property  which 
can  be  expected  from  a specific  combination  of  time  and 
temperature.  For  example,  from  Figure  5b,  tempering  at 
560°C  for  6000  seconds  will  develop  approximately  30.0 
Joules  (22.1  ft-lbs)  (level  4). 

For  choosing  processing  conditions,  an  overlay  can  be 
constructed  by  tracing  a default  level  onto  a transparent 
medium  such  as  an  acetate  sheet.  By  placing  this  sheet  on 
top  of  a map  of  a second  property,  regions  of  heat  treating 
parameter  combinations  can  be  found  which  will  give  the 
desired  tempering  times  and  temperatures  resulting  in  values 
of  properties  required  in  the  product.  The  advantage  of 
such  a display  is  that  contours  of  a desired  level  can  be 
easily  specified  and  located.  Once  a particular  combination 
is  chosen,  estimates  of  a complete  range  of  mechanical 
properties  can  be  made. 
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FIG.  2a  - Perspective  plot  of  ultimate  tensile  strength 
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FIfi-  4a  Persncctive  plot  of  % elongation 
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Persnective  nlot  of  Chamv  imnact  enertjv 
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Pcrsncctive  nlot  of  Hardness  i’Xr) 


An  expected  difficulty  with  this  type  of  system  is  that 
It  is  useful  for  a particular  specimen  composition  and  thick- 
riess  lan-’c.  While  ;,Jod  results  (within  app  roxi  ma  t e 1 of 

predicted  values'!  have  been  obtained  for  otlier  alloy  com- 
positions border  ire.  on  ^hat  used  in  this  present  i n ves  t i ;;at  i on  , 
it  must  be  stated  that  precise  effects  of  variations  in  com- 
positions a.o  unknown.  Tt  would  be  a d v a n t a e o u s to  conduct 
i series  of  tests  usin’  h i ph  and  low  ranpes  of  each  element, 
and  use  a repression  technique  to  formulate  a relationship 
useful  for  a ranpe  of  composition  and  tempcrini;  parameters. 

A use r- o r i en t cd  computer  program  could  then  be  used  to 
generate  the  perspective  and  contour  plots  of  mechanical 
properties  expected  for  that  particular  composition.  These 
plots  could  then  be  useii  to  schedule  furnace  loads  or 
determine  possible  savings  In  energy  use  by  processing  at 
a lower  temperature. 

A second  caveat  with  the  present  work  is  the  consider- 
ation of  mass  effects  in  heat  treating.  Specimens  used  to 
generate  the  base  data  were  essentially  flat  plates  d.^mm 
thick.  Commercial  forgings  are  gencrallv  not  only  thicker 
but  also  of  varied  shape.  For  products  such  as  those,  a 
more  extensive  data  base  would  be  necessary  to  take  masr- 
effect  into  account,  or  an  algorithm  for  estimation  of 
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properties  will  be  required. 
CONCLUSIONS 


Contour  mapping  of  mechanical  properties  is  a viable  way 
of  choosing  tempering  parameters  if  the  restrictions  of  the 
graphics  system  are  kept  in  mind. 

I Further  work  on  mass  and  constitutional  effects  on 

mechanical  properties  are  required  before  general  use  of 
such  a graphics  system  by  untrained  personnel  would  become 
common . 
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